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AliS  TRACT 


This  report  contains  propellant  test  results  I rora  cartons  ol  IT-HK'll 
hulk  propellant  representing  LGM-30  F and  C.  First  Stage  Minuteman  Motors. 

This  report  uses  a statistical  approach  to  analyze  the  hulk  carton  propel- 
lant data.  Testing  was  accomplished  in  accordance  with  MMEMP  Pro-ject  M72632- 
5MP116P. 

The  data  from  this  test  period  are  combined  with  data  from  previous 
testing  and  entered  into  the  G085  computer  for  storage,  analysis  and  regres- 
sion analysis.  From  the  statistical  analysis  of  all  data  tested  to  date 
(11  and  one  half  years  for  F and  G) , significant  degradation  of  the  propel- 
lant does  not  appear  likely  for  at  least  two  years  past  the  oldest  data 
point . 

Kach  point  on  the  regression  plot  represents  the  mean  of  all  samples 
at  that  particular  age.  The  number  of  samples  at  each  point  is  indicated 
on  the  sample  size  summary  sheet  on  the  page  accompanying  each  regression 
plot  or  group  of  regression  plots.  The  data  range  at  any  age  can  be  found 
by  suitable  inquiry  of  the  G085  system. 
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INTRODUCTION 

A.  PURPOSE: 

Laboratory  testing  has  been  performed  for  eleven  and  one-half  years 
on  First  Stage  LGM-30  F and  G Minuteman  Motor  propellant  blocks  to  evaluate 
the  effects  of  aging  on  TP-H1011  propellant.  This  report  contains  those 
tests  conducted  cn  propellant  as  instructed  in  MMEMP  Test  Directive  GTD-1C, 
Amendment  2,  LGM-30  First  Stage  Operational  Propellant  Laboratory  Testing. 

Statistical  analysis  of  the  data  from  tests  performed  will  provide  early 
warning  if  serious  degradation  trends  develop.  Annual  evaluation  of  the 
propellant  provides  data  for  input  into  engineering  reliability  analysis 
for  service  life  predictions. 

B.  BACKGROUND: 

LGM-30  F and  G testing  was  started  in  1966  with  phase  testing  at  24 
month  intervals  (Report  Numbers  78  - zero  time;  104,  162,  185-Phase  I,  176, 
239,  257-Phasa  I,  271-Phase  III).  Report  Number  257  was  the  first  time 
that  LGM-30  F and  G data  were  statistically  analyzed  separately  from  LGM- 
30A  and  B data.  The  present  report  is  a continuation  of  testing  and  sta- 
tistical analysis. 

Zero  time  testing  for  LGM-30A,  B,  F and  G was  started  as  soon  as  poss- 
ible after  receipt  of  the  propellant  by  MANCP.  Data  from  these  tests  were 
used  to  establish  a base  line  for  each  test  parameter. 
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The  LGM-30F  and  G propellant  test  matrix  (Table  1)  is  used  to 
determine  the  number  of  specimens  to  be  taken  from  each  propellant 
loaf  and  the  specific  test  or  tests  to  which  these  specimens  are 
to  be  subjected.  Very  low  rate  and  low  rate  tensile  specimens  are 
taken  on  all  LGM-30F  and  G blocks.  Specimens  for  other  physical 
and  combustion  tests  are  taken  from  every  third  (LGM-30F  and  G) 
block. 
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for  determining  tests  to  be  performed  on  propellant  batch  samples  of  LGM-30  F & G 
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STATISTICAL  APPROACH 


In  order  to  determine  aging  trends  for  shel f /service  life  predictions, 
as  directed  by  Service  Engineering,  First  Stage  LGM-30  F and  G Mlnuteman 
Motor  propellant  blocks  have  been  under-going  testing  since  1966,  statistic- 
ally analyzed  and  reported  on  a regular  test  cycle  by  this  laboratory. 

The  primary  reason  for  performing  statistical  analysis  on  test  data  is 
for  the  detection  of  propellant  changes  due  to  aging  that  would  affect  motor 
reliability.  The  method  of  analysis  called  regression  was  used  to  examine 
data  and  to  draw  meaningful  conclusions  about  dependency  relationships  that 
may  exist  i.e.,  relationship  between  age  versus  test  results. 

In  selecting  the  best  fit  model  for  the  regression  equation,  six  models 
were  fitted  to  the  data  (see  regression  models  at  the  end  of  this  statistical 
approach) . The  linear  model  Y - a + bX  was  found  to  be  the  best  fit  model 
for  the  regressions  in  this  report  932  of  the  time.  By  using  the  best  fit 
model,  the  regression  line  becomes  a more  accurate  predictor  of  future 
trends.  The  model  used  is  shown  in  the  regression  equation  at  the  top  of 
every  regression  plot  and  those  which  are  not  linear  will  also  be  listed  and 
discussed  in  the  test  results  section. 

Individual  data  points  from  different  time  periods  were  used  to  estab- 
lish a least  squares  trend  line  for  the  data.  The  variance  about  the 
regression  line,  obtained  using  individual  values  of  the  dependent  vari- 
able, was  used  to  compute  a tolerance  interval  such  that  at  the  902  con- 
fidence level  902  of  the  sample  distribution  falls  within  this  interval. 

This  tolerance  interval  was  extrapolated  to  a maximum  of  24  months  into 
the  future  from  age  of  the  oldest  motor  tested.  The  ' t'  values  and  the 
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significance  of  this  statistic,  which  are  reported  for  each  regression 
model,  give  an  indication  of  the  "statistical  significance"  of  the  slope 
of  the  trend  line  as  compared  to  a line  of  zero  slope.  Data  were  plotted 
by  computer.  The  'y'  axis  is  computed  so  that  the  values  at  one  inch 
intervals  are  peculiar  to  the  data  spread  of  the  parameter  tested.  Plotted 
data  points  represent  means  at  the  particular  ages  at  which  testing  occured. 
The  number  of  specimens  at  each  age  point  is  indicated  on  the  sample  size 
summary  sheet  accompanying  the  regression  plot.  Variance  at  each  test  age 
can  be  determined  by  consulting  the  G085  data  storage  system. 

A comparison  of  the  slopes  of  the  regression  trend  lines  and  their 
Y - axis  intercepts  found  in  the  regression  equation  was  performed.  Of  the 
tests  conmon  to  this  test  period  and  the  last  test  performed  (MANCP  Report 
Nr  345  (76),  the  following  observations  were  made:  There  has  been  an 

average  increase  of  21%  in  the  number  of  total  samples  tested.  54.29%  of 
the  aging  trend  lines  have  become  flatter  or  closer  to  a line  of  zero 
slope  which  indicates  less  change  due  to  age,  34.28%  of  the  aging  trend 
lines  show  more  change  although  the  changes  are  gradual  and  no  operational 
problems  are  expected  at  this  time;  and  11.43%  of  the  aging  trend  lines 
show  no  change  from  the  last  test  period. 

As  the  number  of  samples  tested  and  age  of  samples  is  increased,  the 
over  all  aging  trend  is  becoming  closer  to  a line  of  zero  slope  showing 
less  effect  due  to  aging. 

A post  cure  effect  (propellant  stabilizing  after  the  first  year  or  two) 
has  been  observed  on  some  of  the  early  test  data  (Stress  Relaxation  at 
~65°F,  -40° F,  and  20° F;  DTA  Exotherm  1,  Exotherm  2;  and  Dynamic  Response) 
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which  tended  to  bias  and  skew  the  projected  trend  lines.  To  overcome  this 
factor , two  methods  of  analysis  were  performed:  First,  where  possible,  non- 

linear models  were  used  that  would  best  fit  the  total  data  (DTA  Exotherm  1 
and  Exotherm  2 data;  Dynamic  Response  data);  second,  where  non-linear  models 
did  not  fit  the  data,  this  early  data  was  eliminated  (Stress  Relaxation  at 
-60° F,  -40°F,  and  20°F  data).  By  compensating  for  this  post  cure  biasing 
a more  accurate  aging  trend  line  for  service  life  prediction  is  provided. 

REGRESSION  M3DELS 

Reciprocal  of  X Y = a + b (1/X) 

Natural  log  of  X Y - a + b (LN  X) 

LOG  to  the  base  10  of  X Y - a + b (LOG  X) 

Square  Root  of  X Y • a -f  b \nr 

Cube  Root  of  X Y * a + b \f"x 

Linear  equation  Y - a + bX 
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TEST  RESULTS 


VERY  LOW  KATE  TENSILE  (0.002  In/in/min): 

The  very  low  rate  tensile  data  shows  a statistically  significant 
decrease  for  strains  and  an  increase  for  stresses  and  modulus.  The  trends 
are  gradual  for  the  respective  curves  and  no  problems  are  indicated  for  at 
least  two  years  after  the  last  test  date  (Figures  1 thru  5). 


LOW  RATE  BIAXIAL  TENSILE: 

A statistically  significant  gradual  decrease  is  shown  for  strains  and  a 
statistically  significant  gradual  increase  for  stresses  and  modulus  (Figures 
6 thru  10). 

LOW  RATE  TENSILE: 

Low  rate?  tensile  data  shows  a statistically  significant  gradual  decrease 
for  strains  and  a gradual  increase  for  stresses  and  modulus  (Figures  11  thru  15). 


HIGH  RATE  TRIAXIAL: 

The  strains  show  a statistically  significant  decrease,  the  stresses  a 
statistically  significant  increase  and  modulus  shows  no  change  (Figures  16 
thru  20).  All  changes  are  gradual  and  no  problems  are  indicated. 

HIGH  RATE  HYDROSTATIC: 

The  strains  show  a statistically  significant  gradual  decrease  with  the 
stresses  and  modulus  showing  a statistically  significant  gradual  increase 
(Figures  21  thru  25). 
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TENSILE  SUMMARY: 


The  test  data  shows  that  the  strain  is  gradually  decreasing  and  the 
stress  is  gradually  increasing  for  Wing  Six  propellant.  Therefore,  based 
on  the  analyses  of  data  from  the  tensile  test  parameters,  it  does  not 
appear  that  meaningful  degradation  is  occuring  at  this  time  and  no  opera- 
tional problems  are  expected  for  at  least  two  years  beyond  the  last  data 
point . 

STRESS  RELAXATION  MODULUS: 

For  the  0.5%  strains  at  -65°F,  a statistically  significant  gradual 
increase  is  shown  (Figures  26  thru  29).  There  is  a statistically  signifi- 
cant gradual  decrease  (for  the  0.5%  strain  at  -40°F),  except  for  the  10 
second  regression  which  shows  no  trend  (Figures  30  thru  33) . 

The  3%  strain  at  20°F,  77°F,  100°F,  140°F  and  180°F  shows  either  a 
statistically  significant  gradual  increase  or  no  change  (Figures  34  thru 
53).  An  exception  is  shown  at  20°F,  10  seconds  which  shows  a statistically 
significant  gradual  decrease  (Figure  34). 


CONSTANT  STRAIN: 

A statistically  significant  gradual  decrease  is  shown.  This  correlates 
well  with  the  tensile  testing  and  stress  relaxation  modulus  which  indicates 
that  the  propellant  polymer  continues  to  cross  link.  It  should  be  noted 
that  the  constant  strain  starts  at  10%  strain  and  is  increased  at  5%  incre- 
ments. As  seen  by  the  regression,  a large  proportion  of  the  specimens 
broke  at  the  25%  strain  level.  This  breaking  at  the  25%  level  is  particular- 
ly apparent  from  about  7 years  to  the  latest  data  points  (Figure  54). 
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DYNAMIC  RESPONSE: 


The  storage  shear  modulus  at  200  and  400  Hz  shows  a statistically 
significant  increase  (Figures  55  thru  58).  The  best  statistical  models 
found  are  reciprocal  of  X for  storage  shear  and  the  natural  log  of  X for 
loss  tangent.  The  changes  are  gradual  and  no  operational  problems  are 
indicated . 

HARDNESS : 

Shore  A ten  second  hardness  data  shows  a statistically  significant 
gradual  increase  (Figure  59).  The  hardness,  stress  relaxation,  constant 
strain  and  dynamic  response  all  correlate  well  with  the  tensile  testing. 
As  in  the  tensile  testing,  the  statistically  significant  changes  shown 
by  the  above  tests  are  gradual  and  no  operational  problems  are  expected 
for  at  least  two  years  beyond  the  last  test  data  date. 

BURNING  RATE: 

The  burning  rate  shows  a statistically  significant  gradual  decrease 
(Figure  60). 

PRESSURE  TIME: 

Maximum  pressure  shows  no  change  from  a zero  slope  while  time  to 
maximum  pressure  shows  a statistically  significant  gradual  decrease 
(Figures  61  and  62) . 

IQ4ITABILITY : 

Ignitabilitv  shows  no  significant  change  (Figure  63). 
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TCLE : 


The  thermal  coefficient  of  linear  expansion  for  both  below  and  above  Tg 
(glass  point)  show  a statistically  significant  gradual  increase  (Figures  64 
and  65). 

SOL  GEL: 

The  gel  swell  ratio  and  percent  extractables  show  no  significant  changes, 
cross  link  density  and  density  show  a statistically  significant  gradual  in- 
crease (Figures  66  thru  69). 

TGA: 

The  ignition  temperature  and  percent  weight  loss  at  ignition  show  a sta- 
tistically significant  gradual  increase.  The  percent  weight  loss  at  250°C 
hold  is  not  changing  significantly  at  this  time  (Figures  70  thru  72) . 

DTA : 

The  endotherm  does  not  show  a significant  change.  The  first  and  second 
exotherm  show  a statistically  significant  gradual  decrease  and  their  fit 
model  is  LOC  to  the  base  10  of  X.  The  third  exotherm  and  the  ignition  tem- 
perature show  a statistically  significant  gradual  increase  (Figures  73  thru 
77). 

TEAR  ENERGY: 

No  significant  change  is  shown  in  the  regression  (Figure  78) . 

DSC: 

A statistically  significant  decrease  is  shown  for  the  endotherm,  first 
exotherm  peak,  and  second  exotherm  peak  (Figures  79  thru  81).  The  changes 
are  gradual  and  no  operational  problems  are  expected  in  the  propellant. 
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CONCLUSIONS 


Eleven  and  one-half  years  of  aging  at  ambient  temperature  (77°F)  has 
not  greatly  changed  the  properties  of  the  propellant.  Some  test  parameters 
indicate  slight  aging  trends,  but  nothing  that  would  adversely  affect  the 
operational  characteristics  of  the  rocket  motor  propellant. 

From  the  statistical  analysis  it  does  not  appear  that  significant 
propellant  degradation  is  occurring.  Based  on  the  eleven  and  one-half 
years  of  accumulated  data,  there  is  no  reason  to  suspect  that  properties 
will  show  much  change  for  at  least  two  years  past  the  last  data  point. 
Therefore,  propellant  reliability  should  not  change  appreciably  over  that 
time  period.  Since  failure  limits  are  not  available  for  the  parameters 
tested,  this  statement  is  based  on  the  fact  that  the  slope  of  the  regres- 
sion curves  where  statistically  significant  are,  with  few  exceptions,  relat- 
ively flat  or  close  to  a line  of  zero  slope  and  have  not  changed  appreciably 
from  the  last  test  period. 
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AGE  AT  TEST  (TEARS) 
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Figure  5 
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WING  6, H.R.HYORGSTATZC. STRESS  AT  RUPTURE,  1 7501 N/MI N,  800  PSI 


<\J  — t\J 

ooo 

4 I 4 
WUJUJ 

so 

r-c\js 

f'-ss 

ooi'-r- 

OW3 

ipold 

-•so 

r^ior- 
4 4 4 

5 n ii  n 

x ^cncn 


r 

<c 

a- 

s; 

jJ 


CD 

£ 

CT 


O 

O 

4 


<r> 

z 

o 


cozzz  ¥ 
oaai  g 

MUUU(\I° 

cou-u-u-co. 

» m » — i ►—*  rr 


co 

UJ 


ozzz 

4 ooo 

j — • • — < * — < ' 

II 

•»■  ii  ii  ii  x; 

o 

^Ikic  -O 

Q 

<n  u.  u_  u.  uj 
OOOOC-- 
* u-i 

UJUJUJaJ  F 

CDOOOU-a 

wacca 

(OUUJ«“ 

IftJ  ^ 

Is- U.U.  a.  UJ  _ 
<\J  — — — ac“? 

•zz  zoi 

CUOO  OUJ  u- 
4 M •—  — «0  „ 


imr  <n 


co 

z 

o 


•h  ^ ^ i 

• ooo 

4-  I 4 
uJ  uj  UJ 
CP  — IP 

cos  — 

03  CO  — 

10  — 00 
OCOC\JS-- 
ooscosifc 
-co-cog 


o 

o 

UJ 

o 


io  — 

4 4 4 


Jl 


II  II  II  II 
U.  OC  -z 


I 

I 


o 

o 

00  ’{\\  00  *2E  00-28  00*21  OCT? 

ISd  = 3HH9y3W  30  UNO 
smnaow  = y3i3wyyyd 


41 


MING  6. H.R. HYDROSTATIC, MODULUS. 1750  IN/MIN,  800  PSI 
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This  sample  size  summary  is  applicable  for  figures  26  thru  29 
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RGE  RT  TEST  (TERRS) 

MING  6. STRESS  RELAXATION  M00ULUS.0.5X  STRAIN. 10  SEC. -65  DEG  F.TPH-10U 


AGE  AT  TEST  (YEARS) 

WING  6. STRESS  RELAXATION  MODULUS, 0. 52  STRAIN, 50  SEC. -65  DEG  F.TPH-1011 
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WING  6. STRESS  RELAXATION  M00ULUS.  0.  5/1  STRAIN. 10  SEC. -140  DEG  F.TPH-1011 
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This  sample  size  summary  is  applicable  for  figures  3k  thru  37 
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*1 . 8096403£<-00  SIGNIFICANCE  OF  F = NOT  SIGNIFICANT  o,=  M . 2091376E*02 

*-3 . 6280633E-02  SIGNIFICANCE  OF  R = NOT  SIGNIFICANT  S,  = M . 2233332E-01 

«-l  . 3U52267E+00  SIGNIFICANCE  OF  t = NOT  SIGNIFICANT  S.  = *1 . 2087815E+02 

1 375  DEGREES  OF  FREEDOM  = 1373 
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WING  6 SI  TP-H1011  DYNAMIC  RESPONSE , CENTER-WT  70  GM.STGR  SHERR  RT  400  HZ 
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HING  6 SI  TP-HLOU  OTNAMIC  RESPONSE, CENTER-NT  70  GM.LOSS  TANGENT  AT  400  HZ 

Figure  5>H 
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